SUMMARY Fifty-two B cell non-Hodgkin's lymphomas, in which the diagnosis was based on immunological, cytochemical, and ultrastructural studies, were characterised by morphometry on plastic-embedded tissue sections.
Non-Hodgkin's lymphomas morphologically and immunologically from a heterogeneous group. Differentiation in subclasses is important as it clearly has clinical relevance. 1-3 The distinction between large cell and small cell lymphomas is relatively easy, but differentiation of subtypes within these two groups is difficult. The differences are small and subtle and are easily obscured. Additional techniques such as marker studies, enzyme histochemistry, and electron microscopy are therefore employed to support the morphological diagnosis. Morphometric measurements of the nuclei is a further way in which this may be substantiated.
In this study we have used morphometry on methyl-methacrylate-embedded lymph node sections to characterise 52 B cell non-Hodgkin's lymphomas, of which the diagnosis was confirmed previously by marker studies, enzyme histochemistry, and electron microscopy. The results show that definite Accepted for publication 28 October 1982 289 morphometric differences can be found between the subclasses of the small cell and of the large cell lymphomas.
Material and methods

MATERIAL
Fifty-two B cell non-Hodgkin's lymphomas were studied. In diagnosing the lymphomas the Kiel classification4 was followed as modified by Lennert (1 mm3) were cut for electron microscopy. The blocks were fixed in a fixative according to McDowell and Trump. 6 One quarter was fixed in buffered formalin for paraplast embedding; one was fixed in a sublimate-formaldehyde mixture' and subsequently embedded in paraplast for immunohistochemistry. One piece was fixed in a fixative according to Burkhardt8 for methyl-methacrylate embedding and subsequent morphometry, and the fourth piece was snap-frozen in liquid nitrogen for immunofluorescence, rosette assays and enzyme histochemistry.
Histology
Paraplast sections (4 ,um) were cut and stained with haematoxylin and eosin, Giemsa, PAS with and without diastase treatment, and a reticulin stain. Methyl-methacrylate sections were cut at 2 ,um and stained with Gallamine-Giemsa, PAS and Gomori's reticulin stain.
Immunohistochemistry and -fluorescence
Immunohistochemistry was used to stain for intracytoplasmic immunoglobulins (kappa, lambda, A, M, G, D, and E), lysozyme, alpha-l-antitrypsin and alpha-l-antichymotrypsin. An indirect immunoperoxidase method was used on 4 ,um paraplastembedded sections. The antisera and their specificity were described extensively earlier by us.9 Immunofluorescence, employed to stain for membranebound immunoglobulins, was performed on 4 pm cryostat sections, also using an indirect technique, using the same antisera as for immunohistochemistry. Control studies were conducted according to Sternberger Nucleolar parameters-that is, the size of the nucleoli (area), their location within the nucleus, and the mean number of nucleoli per nuclear crosssection, were determined in the cases of centroblastic lymphoma and B immunoblastic lymphoma, also using a graphic tablet. In most cases nucleoli were so large and conspicuous that they were easily identified. In some cases however, fixation had been suboptimal and nucleoli had to be distinguished from clumps of chromatin, caused by suboptimal fixation. All accumulations of chromatin with surface area > 0 5 jim2, of uniform density and a more or less regular contour were regarded as nucleoli. Nucleoli and nuclei were traced with a cursor and the computer (MOP-AMO3 Kontron) calculated the size of both nucleolus and nucleus, as well as their respective centres of gravity, expressed in co-ordinates in an X-Y rectangular system. The number of nucleoli per nuclear cross-section (n/N) was calculated simply by dividing the number of nucleoli by the total number of nuclei. The location of the nucleolus was determined from the centres of gravity. The distance from the centre of gravity of the nucleus and the nucleolus was calculated with Pythagoras' theorem and called absolute nucleolar eccentricity (aNE). For a round or near-round nucleus the approximation of the centre of gravity for the centre of the cell is valid. However, this aNE has to be corrected for nuclear size to make it a reliable parameter for the position of the nucleolus in the nucleus. This was done by dividing the aNE by the mean radius of the tumour cells, calculated from the mean nuclear area. The resulting parameter is a size-independent parameter varying from 0 (for a perfectly central nucleolus) to almost 1 (for a marginal one). We called it the relative nucleolar eccentricity (rNE). The method of assessing the nucleolar parameters has been described. '6 The cytoplasmic parameters were also determined, but because it was often impossible to discern the contour, the assessment of these parameters was based on a smaller number of measurements. In most cases approximately 50 cells were traced. When the cytoplasmic contour was traced, the cytoplasm to nucleus ratio (C:N ratio) of that cell was calculated. In the cases of centroblastic/centrocytic lymphoma and polymorphic immunocytoma some blasts are present. To quantify these we designated the cell having a nuclear area > 35 ,um2 as blasts and counted them. It is also known that immunoblasts can be found in centroblastic lymphoma. We attempted to quantify this by counting the cells with a nuclear area > 35 jim2, one nucleolus and a rNE < 0 5 in both centroblastic lymphoma and B immunoblastic lymphoma.
To check whether there were consistent differences between pathologists' interpretation of the selected areas and whether the method was reproducible, results of the photographs selected by one pathologist were compared with those selected by the other pathologist and the cells were remeasured by different persons. 11 The results showed a high degree of consistency, showing no systematical differences and a high reproducibility.
The differences between the types of lymphomas were statistically analysed using Wilcoxon's test.
Results
The results of the morphometric measurements are summarised in Table 1 . The statistically significant differences between the different lymphomas are summarised in Table 2 .
SMALL CELL LYMPHOMAS
The mean nuclear area showed uniformity with the exception of polymorphic immunocytoma and centroblastic/centrocytic lymphoma, both of which had slightly higher values due to the presence of blast cells. The SEM of the nuclear area, expressing the variation in cell size in the tumour, was of course also higher in these two lymphomas, but was also significantly lower for chronic lymphocytic leukaemia compared to all other small-cell lymphomas (Table  2) . Differences in amount of cytoplasm and C:N ratio * Marks the values that showed up the important and significant differences between the lymphomas (see Table 2 ).
tBlast cells = cells with nuclear cross-sectional area >35 pLm2. cases of centroblastic/centrocytic lymphoma and polymorphic immunocytoma. Though the percentages varied somewhat, most remained below 10%, the highest being 16-9%. With the eight parameters each lymphoma could be differentiated from the others. The various differences, their significances and the histological implications of this are presented in Table 2 . Table 2 .
LYMPHOBLASTIC LYMPHOMAS (BURKITT TYPE)
Of the five cases studied three were in the range of the large cell lymphomas, two were intermediate-sized. They had moderate amounts of cytoplasm and nearround nuclei. They differed from the large cell lymphomas in the SEM of all studied parametersthat is, they showed less variation than the large cell lymphomas.
The morphometric characteristics are represented in Fig. 1 .
Discussion
The results of this study show that morphometry of plastic-embedded sections is valuable for the differentiation not only of small cell and large cell lymphomas but also of subtypes of these lymphomas. However, our measurements also show how subtle the differences are. Use of plastic-embedded sections is therefore necessary as recommended by Abbott et al"9 and van der Valk et al. '6 In our experience the measurements on paraplast-embedded sections show a greater variability, due to shrinkage and inadequate stretching of the slides. This is undesirable in a group where the differences are so small. The small cell lymphomas can be separated into types as shown in Table 2 . A graphic representation of the differences between small cell lymphomas based on two morphometrical parameters-that is, NCI and C:N ratio, is shown in Fig. 2 Thus our study showed that the small cell lymphomas can be differentiated by the mean and SEM of the nuclear area (variation in nuclear size), the C:N ratio (relative amount of cytoplasm) and NCI (nuclear irregularity). Sotto et al25 also found in a cytological study of non-Hodgkin's lymphomas, that cell size and the ratio of cytoplasm to nucleus were important criteria. The large cell lymphomas CB and IB were distinguishable on their nucleolar parameters and C:N ratio. These differences have been mentioned,' 162627 but it is also stressed that these differences overlap. Our findings underline this. The two groups seem to join or, as the n/N shows, overlap. As is suggested"'2 these neoplasms are probably closely related. Nevertheless, there are differences in rNE and C:N ratio allowing these two lymphomas to be distinguished from one another. Centroblastic lymphoma has a larger number of, and more peripherally located nucleoli, and relatively less cytoplasm than B-immunoblastic. In a previous study 16 the difference in C:N ratio was not significant, but here one case was added, making the difference significant (p < 0 05). As this method allows the distinction of immunoblasts as they are defined in the literature '-that is, a cell with a large nucleus with a large, central nucleolus, admixture of immunoblasts in centroblastic lymphoma can be defined. This may be related to clinical parameters. As Bimmunoblastic lymphomas behave more aggressively than centroblastic lymphomas,3 it is of interest to find out if an increasing number of immunoblasts has a negative influence on the clinical behaviour. The possible correlation between the number of immunoblasts and clinical behaviour is currently under study.
The lymphoblastic lymphomas of this study fall in the same size range as the B-immunoblastic lymphomas and centroblastic lymphomas. Lymphoblastic lymphoma (Burkitt type) is generally considered intermediate-sized,' but Lennert' already mentioned the existence of a lymphoblastic lymphoma (Burkitt type) as large as a centroblastic lymphoma. Indeed, the lymphoblastic lymphoma of this study resembles the centroblastic lymphoma closely. However, the SEM of the nuclear area of lymphoblastic lymphoma is significantly lower, indicating a more monomorphic cellular composition. As Nathwani et a128 report on some cases of polymorphic lymphoblastic lymphoma, distinguishing between lymphoblastic lymphoma and centroblastic lymphoma can be very difficult.
In conclusion our study shows that significant morphometric differences could be found between 52 B cell non-Hodgkin's lymphomas, grouped 
